Effects of cations on guanylate cyclase of sea urchin sperm.
Mn2+ and to some degree Fe2+, but not Mg+, Ca2+, ba2+, Sr2+, Co2+, Ni2+, La3+, or Fe3+ were able to serve as effective metal cofactors for sea urchin sperm guanylate cyclase. The apparent Michaelis constant for Mn2+ in the presence of 0.25 mM MnGTP was 0.23 mM. In the presence of a fixed free mn2+ concentration, variation in mngTP resulted in sigmoid velocity-substrate plots and in reciprocal plots that were concave upward. These positive cooperative patterns were observed at both pH 7.0 and 7.8 and in the presence or absence of Triton X-100. When Mn2+ and GTP were equimolar, Ca2+, Ba2+, Sr2+, and Mg2+ increased apparent guanylate cyclase activity. This increase in enzyme activity at least could be accounted for partially by an increase in free Mn2+ concentration caused by the complex formation of GTP with the added metals. However, even at relatively low GTP concentrations and with Mn2+ concentrations in excess of GTP, Ca2+, Sr2+, and Ba2+ significantly increased guanosine 3':5'-monophosphate production. As the total GTP concentration was increased, the degree of stimulation in the presence of Ca2+ decreased, despite maintenance of a fixed total concentration of Ca2+ and a fixed free concentration of Mn2+, suggesting that the concentration of CaGTP and MnGTP were determining factors in the observed response. The concave upward reciprocal plots of velocity against MnGTP concentration were changed to linear plots in the presence of CaGTP or SrGTP. These results suggest that sea urchin sperm guanylate cyclase contains multiple nucleotide binding sites and that stimulation of guanosine 3':5'-monophosphate synthesis by Ca2+, Sr2+, and perhaps other metals may reflect interaction of a metal-GTP complex with enzyme as either an effector or a substrate.